


It i s  ?.ot coXsideze6 xecessary t o  d n e l l  on t h e  f s c t  that 

ecgines  of m a i r c r a f t  i s  %:le sa fe ty  Tesul t izg  f r o x  'che gossi-  

b i l i t y  o f  flyi:?g with oile a r  xoTe of t:-ie:-i sto;?ped. 

T k i s  condi t ion i s  t2e  one a t t r a c t i z g  tke  xost a t t e n t i o n  

i s t i c s  a:id c a n y i z g  cz;2acit-; and of ten  d e f h i t e l y  c l a s s i f i e s  a~: 

ai  T? 1 m e  zs c o r r e  1' c i a l l y  us e l  e F s . 
XI1 i:.il2rove::ient s of t h i s  :nature aIfec-i;, the-.efore, t h e  

charact  e x i s t  i c s  of the  whole a i ry la3e  anc? may r e d i e a l l y  chaige 

i t s  a?:rod:;naziic pYol3erties. 

A~long t k e  var ious  e l  ent  s c o q l i c a t i n z  the  groblem, t he re  

i s  one vhich i s  oftel? not I"u11y appreciate&, but which zeverthe- 

l e s s ,  i s  very i:nportaxt; xaxely,  the braking e f f e c t  due t o  tlie 

p r o p e l l e r  - of  2. sterner;, ei?gine, cine iaFoytmce of vkich 5ecoxes .L- 

very ;zest with powerful engines involving t l e  -Jse o f  l a r g e  



1x2 designing xul t i -engine a i rp l anes ,  I h m e  3een isipressed 

by t h e  .xgi-ii-bJ.de of t h i s  brakix-ig e i ' fect ,  and have bec i  l ed  t o  

f i n d  a s ixy le  so lu t ion  of t h i s  T;roble;cll, which I have worked o u t  

i n  co l l abo iz t  i o 2  with Paualhaii slid Secsaud de Lavaud. 

13 order t c  deixonstrate t h e  iraportance of t h i s  tievice, 1 

s h a l l  coiisider successively in what follows, t he  brcking e f f e c t  

of t h e  p rope l l e r  02 a stopped engine nhen the  p rope l l e r  i s  r ig -  

i d l y  coix-ecteed with t h e  er,gine shaf t  axl ~ A s o  when moixnted on 
r )  

a free-?r:lzeel huS. 

a) The case of a p rope l l e r  of asymixetric s ec t ion  ordi-  

Ear i l y  e:;?-p 1 o y e d . 
b) The case of  a p ro2e l l e r  wi th  a syr-netric section. 

I will then  describe t h e  meclianis?-i of  t he  free-vi:heel pzopel- 

l e r  i?s constructed by us ai:d, i n  order t o  convince ske2 t i c s  

 id v e i i f y  t h e  ca l cu ln t ions ,  I shall yive the  r e s u l t s  obtained 

i n  f l i g h t  with t h i s  Eevice ixounted- on 3, 1000 hozse;?ower two- 

engine a i rp lane .  

Tkeoret ical  Study o f  frReceptiven P rope l l e r s  

a i r c r a f t  F r o p e l l e r s ,  veqr l i t t l e  systeziatic study has beex made 

of l l rece?t ivef t  ? rope l le rs ,  Leroux kns  r e c e a t l y  published q 

payer  on %::e l a t t e l '  type of p o p e l l e s ,  but he confesses t h a t  

lack or" ex:?erirnental resxlts i n  t h i s  f i e l d  of propelLer per- 

formance prevents  hirr, from a r i i v i n g  at any d e f i c i t e  conclusioi1s. 



2 o t m i t h s t a d i n g  t b i  s lack of  experiment.?l data, I have ilot  

h e s i t a t e d  t o  emgloy Dyzeariecki' s a n a l y t i c z l  ;,lethod wiiic!?, f o r  a 

p r o p e l l e r  3lade o f  coastali t  n i d t h  @?res vnlues s u f f i c i e n t l y  

c l o s e  tG tlie ex$erii?rental ones f o r  use i n  2 r z c t i c d  and compar- 

z t i v s  czlculztions.  The use of a, prope l l e r  of any f o r m  &c~u'o'c- 

l e s s  :Jives ;.esults veyy c lose  t o  those  obtained with a cons tmt -  

triidth i3ro2eller of the  s m e  p w e r .  

f o r  two f s i i l i e s  o f  p r o p e l l e r s ,  

for _11 = 0.6; 0 . 7 ;  0 .8 ;  0.9; 1.0 D 

Ii? oTder t o  determine these  c o e f f i c i e n t s ,  n e  apply t h e  fun- 

d,.;/nei?t,?J_ forrmlas:  ( I'Tkeorie generale de l f h e l i c e "  by S. Dzze- 

v:ieclci, 1920, 32. 39 ?ad 41) 

a v 5 K  z 
33 D~ = --.Y.- ( I ~  + i-1 I ~ )  

p, = E ( Z T T ) ~  n2. 

from vhicli?, on asstrrning a blade width of D/12 and funct ioning 

near  t he  ground, we obta in  

1, - C' I, P =  vi t h 
1, -I- P, I3 
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J 1  + e (I + z2) 
3 

motive yower i n  kg m / s  

u se fu l  2o:::er i n  If 1' 

power c o e f f i c i e n t .  

t h r u s t  c o e f f i c i e n t .  

p rope l l e r  e f f ic iency .  

r. p. s. 

3 r ~9 e 1 1 er cii ai-ii e t e r . 
nu-iiber of blad-es. 

ve loc i ty  o f  air i n  f r o n t  of propeller 

c z  x d -  c z .  
2g  16 

- - aear  the  ground 

D r e c i p r o c d  of r e l a t i v e  vlcith of X a d e  = - - _I 

2 - 22 

Ve shall also assune t h a t  t h e  va lues  of C z  a i d  o f  p. 

a r e  the  x e m  values  aeasu-red on the  clean :Jrof i le  of t he  blade 

locateei  at 213 of  t h e  r ad ius ;  t h a t  i s ,  at the  mean e f f e c t i v e  
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redius, Tbis bT:>othesis ev ident ly  i iqairs  t h e  r e s u l t s ,  but only 

t o  a2 i n s i g a i f i c a n t  ex ten t ,  es l3ec id ly  i n  tlie region o f  s m a ~ l  

anglss o f  a t t ack  - t he  reg ion  TJGiich i n t e r e s t s  us t h e  ;>est here. 

Lzst l j~,  l e t  us ao te  tiiat t h e  p i t c h  i s  a,lT:-ays seasured -r;.it:i 

respec t  t o  t h e  li-ne of zero l i f t  of t h e  blade p r o f i l e ,  z. f a c t  

7.vhich sLould al:-rnys be renenbercc? i n  coi.?ir,aring diffezer , t  re- 

s u l t s .  Under t hese  condi t ions we hzve determined t h e  c h u a c t e r -  

i s t i c  curves of tro f a x i l i e s  of  p r o p e l l e r s ,  vhose ne,m p r o f i l e s  

a d  :?olans z r e  given i n  Figures  1-4. 

I;i order t o  f e c i l i t a t e  t he  following c.iLcula.tions, 7 . 3 3  h m e  

d s o  estL21is?ted the  curves ka = f (3,) " ~,nd kp  = f (a,, VI 

t h e  c o e f f i c i e n t s  k a  md kp beirig, r e spec t ive ly ,  

Tbese f p n i l i e s  of curves liavixg 'oeen thus  p l o t t e d ,  it is 

easy t o  deter:.finc t h e  " t r a c t i v e  r e s i s t m c e I i  of 7, prope l l e r  2 s  

soon c,s t h e  l l r e s i s t i n g  coixple" ( to rque )  i s  known. 

I n  f n c t ,  we may m i t e  

x n3 D~ '= k p  x v2 v2 
n2 D2 Cw = f n3 D5 = kQ x 

k@ = C X ~ T T ~ = ~ ~  2 n  * o r  

*3ere C: = torque,  s ince Piil = 2 rn n x tozque = CW. 
v2 ng3 V2 D3 -.- 
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J-Jfiich enzbles u s ,  knowing the  torque, t o  deterriiine the  coef f i -  

c i e c t  kB and, froin t h e  family of  curves,  the  corresponding 

value o f  k,. 

?Ve may also write  

X II" ?I4 ka X V" D" v" ( t r a c t i o n )  = a n" D4 = kk2 
n2 D2 

which enables us t o  de t e ra ine  the  value of t h e  d e s i r e d  aega t ive  

t r a c t i o n  (Figs .  5-6) 

Let P, cieilote lioisepomer absorbed by propel-ler at ground 
l e v e l  ; 

C / C  r a t i o  of torque c t o  rizaximm nlotive cou7le C; 

V, a i rp l zne  speed. xith engine stopped; 

V, spec?  o f  a d q t a t i o n ;  

n8 r.13.x. of engine at speed of ad-aptation; 

@a value of B f o r  V/nD of adaptation. 

c. 
(VY and IC, = 

Then 

nD .' 

We hzve * 

. 
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nnd 

whence 

Siiwe we can assuae k, = 0.75 

It i s  easy t o  show t h a t ,  for t h e  same a i rp lane  f o r  whick 

t h e  r;?Ltio Va/V, i s  very near ly  cons tan t ,  t h e  value o f  IC? 

and, consequently,  t h a t  of IC, depend o n l y  on c/C and H/T) 

and, if a. :lean value of - V a  - - - ( f o r  exaxple) i s  assumed v, 0.7 
f o r  d-1 ai rFlanes ,  we obta in  t h e  iilean value 

1 

c p, 
c g\2 k ,  = 3.68 - - 
(D I 

which enables us  t o  deterxine the  corresponding values  of  ka 

and t o  p lo t  t h e  curves f o r  t h e  above f a m i l i e s  of ka = f fg\ 'D 1 
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p r o p e l l e r s  and f o r  d i f f e r e i t  values  of c/C (Tigs.  7-8). 

According t o  these  curves i t  i s  easy t o  sbom: 

1) That f o r  t he  same torque,  t h e  p rope l l e r  with an asym- 

met r ic  p r o f i l e  produces a braking e f f e c t  considerably g rea t e r  

t h a n  t i iat  of a p rope l l e r  with a symaetrical  p r o f i l e .  For  

c/C = 0.125, t k e  d.ifference v a r i e s  

from 40$ f o r  E/i) = 0,s 

t o  225 E/D = 1 , O  

2) That v i t h  an ord i r ia ry  asymxetric 9 , r o i i l e  , t h e  p rope l l e r  

imst be ad jus ted  f o r  a value of c / C  near to 0-15. (less than  

0.15 for low values  of 

va lues  of H / D ) .  

H/D and g rea t e r  than 0.15 f o r  l a r g e  

This p roof  and the  f a c t  thafu om a l l  ex i s t ing :a i rp l anes ,  t h e  

p r o p e l l e r  does not genera l ly  s top  of i t s e l f ,  lead u s  t o  suppose 

t h a t  t h e  torque of e x i s t i n g  engines r a r e l y  exceeds 15% of t h e  

ixaxiiii-tm torque,  and not 20$ as genera l ly  s t a t ed .  (This  should 

be v e r i f i e d  f o r  d i f f e r e n t  types  of engines,  izr,d would be worth 

c l e a r i n g  q3. ) 

3 )  That t h e  free-xrheel p r o p e l l e r ,  namely, t h e  p rope l l e r  
C f o r  which - = 0 ,  always brakes much l e s s  t h m  a p ro2e l l e r  ;mov- 

ing  wi th  t he  engine s h a f t ,  t h e  syrpmetxic-profile v rope l l e r  Seir-g 

i t s e l l "  decidedly b e t t e r  t han  t h e  p rope l l e r  w i t h  an asymiietric 

yrof i l e .  

C 
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R e s i l t s  c-f Laboratory Tests  

IiT c-rder t o  v e r i f y  t h e  above c d c u l a t i o n s ,  me have request-  

ed t k e  E i f f e l  l a b o r a t o r y  t o  deterxine f o r  us ,  in .  t h e i r  mind 

tunnel ,  t he  va lues  of  k$ f o r  z. fi;i;,iily of  :xo;3ellers i n  t h e i r  

possession. 

Tke 2 m i l y  of p r o p e l l e r s  t e s t e d  at t h e  labora tory  does l io t  

have 3laCes o f  constant n id th .  Conseque2t1y7 the  r e s u l t s  can- 

not be cbsolutely super;Josed on those ca l cu la t ed  a'aove, but 

they ca-i be brought close enough t o  use ,  s ince t n e  r e s u l t s  a r e  

but l i t t l e  a f f e c t e d  by  the  &ape of t h e  blades. Koreover, these  

r e s u l t s  d i f f e r  f rom t h e  ca l cu lz t ed  r e s u l t s  by a constant quan- 

t i t y  corresFonding t o  t h e  spec ia l  braking e f f e c t  of the  hub amd 

o f  t h e  blad-e r o o t s  near t he  hub. By reducing t h i s  braking ef-  

f e c t  of the  hub t o  that cozresTionding t o  a fl2.t c i r c u l a r  sm- 

f a c e  kaving a dizifleter equal t o  D/lO, it  i s  e a s i l y  found t h a t ,  

i n  order  t o  allow f o r  t h e  braking e f f e c t  of the hub, all values  

of k, aust be increased by a constant quan t i ty  A ka, given 

by t h e  expiession 

1.d-1, e n c e 

0x1 coxpaxing the  r e s u l t s  thus coxiputed, w i t h  those obtained 

i n  t h e  l abora to ry ,  we ob ta in  t h e  curves of Figure 9. 

On t h i s  graph-we have a l s o  p l o t t e d  t h e  curve obtained i n  
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t h e  l a b m a t o r y  with t h e  p ro2e l l e r  locked, s o  as to show the  ad- 

vantage of an i d l i n g  p rope l l e r  over a f i x e d  one, t h a t  i s  t o  

say,  t h e  use lessness  of locking  the  p o p e l l e r .  

It i s  obvious tha t  t h e  ca l cu la t ed  r e s u l t s  a d -  t h e  ex-eyi -  

mental ones agree well enoug3 t o  warrmt t h e i z  deTini te  accept- 

ance & 

The Advaztage of  a F~ee-Whecl Propel le r  

In nearly a l l  ac tua l  cases ,  t he  p r o p e l l e r ,  keyed t o  t h e  

engine sha f t ,  continues t o  r o t a t e  wi th  t h e  l a t t e r  i n  s p i t e  of 

t h e  engine 's  bei-ng shut o f f .  The ga in  obtainable  with the  f r e e  

v~hcel  ;mst the re fo re  be ca,lculated m r i t ; l ,  respect t o  t h e  propel- 

l e r  i;i Totation with the  engine,  t h a t  i s ,  with t k e  correspond- 

ing  tozque. 

This Tes i s t ing  torque i s  geaera l ly  e s t i n a t e d  at 20; of t h e  

aaxiimxi torque of  t h e  ecgi3e ( c / C  = 0.20) but, as already 21eil- 

t i oned ,  we th ink  t h i s  e s t i n a t e  i s  t o o  Iiigh. 

We w i l l  e s t imate  t h i s  toique at  12,5$ o f  t h e  aaximum en- 
thus 

g ine  zorque, md we w i l l  only re;i?a;rk t h a t  t k e  gains/calcul-ated 

a r e  very discouraging. 
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Reduction i n  Head Resistance 

Exaiifi:3le 1. 

Kaxiaum speed o f  a i i p l m e  = 55 m/s = 198 kn/h 

Speed with engine stopped = 38 = 137  I t  

Diaaeter  of  two-bladed 
3.10 m A prope l l e r  - 

Engine power = 500 hP 

Xaxia..un p rope l l e r  speed = 2000 r. p. rn. 

Rela t ive  p i t c h  o f  propel-  
l e r  H/D - - 0.7 

0.0075 - ka f o r  c/C = 0.125 - 

k, with p rope l l e r  locked = 0 . 0050 
0.0020 ka f o r  c / C  = 0 - - 

Res i s t  a c e  el iminated by p rope l l e r  revolving with 

(0.0075 - 0.0020) 38* X 3'.12 = 76.50 kg 

engine: 

Gain wi th  p roge l l e r  locked: 

(0.0050 - 0.0020) 38" X 3.1" = 41.7 kg 

Exaxple 2.  

Xaximua a i rp l ane  speed 55 U/S = 198 ki:t/h 

Speed with engine stopped = 38 = 137 I t  

Diameter of  two-bladed 
4.10 m - p r o p e l l e r  - 

Engine power = 500 hP 

iiaxiauin p rope l l e r  speed = 1000 r.p.m. 

Re la t ive  p i t c h  of propel& 
1.07 - l e r  H/D - 
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k, € o r  c/C = 0.125 - - 0042 

k a  w i t 5  p rope l l e r  locked = . 0045 

,0014 - k, € o r  c/C = 0 - 

Resis tance e l i n i n a t e d  by p r o p e l l e r  revolving with 
engine: 

(0.0042 - 0.0014) 382 x 4.12 = 70.5 kg 

Gain with p r o p e l l e r  locked: 

(0.0045 - 0.0014) 382 X 4.1" = 78.0 kg 

Example 3. 

X a x i m u a  a i rp l ane  speed - - 50.7 m/s = 182 kX/h 

Speed with engine stopped = 35.5 " = 128 1' 

Diameter of two-bladed 
2.25 Iil - p r o p e l l e r  - 

Engine power = 150 hP 

idaximurn p rope l l e r  speed = 2000 r.p.rn. 

3 e l a t i v e  p i t c h  of propel- 
0.9 - l e r  H/D - 

0.0050 - ka f o r  c/C = 0,125 - 

ka with p rope l l e r  locked = 0.00475 - 

ka for c/C = 0 0.0015 

Resistance el iminated by p r o p e l l e r  revolving with 
engine: 

(0.005 - 0.0015) 35.5" X 2.252 = 22.3 kg 

Gain w i t h  p r o p e l l e r  locked: 

(0.00475 - 0,0015) 35.5" X 2-25"  = 20.7 kg 
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Gain i n  Useful Load aad i n  Radius of Action 

These reduct ions  i n  t h e  brzking e f f e c t  a r e  very apprecidole,  

but i t  i s  i n t e r e s t i n g  a l s o  t o  examine t h e  consequences of t h i s  

irapzovenent i n  t h e  f ineness  of t he  a i rp l ane ,  t h a t  i s ,  ( f o r  ex- 

a q g l e ) ,  t o  de te rx ine  t h e  add i t iona l  l oad  t h a t  can be c a r r i e d  i n  

f l i g h t .  

C d l i n g  C,/Cz t h e  f ineness  with p rope l l e r  locked and 

cx C - t h e  f ineness  v i t h  a free-Wheel p rope l l e r ,  t h e  equa- 
C Z  C Z  
- - -  cx 

t i o z s  of f l i g h t  axe: 

C (n  = l o a d  c a r r i e d )  7 5 P  P m = n -  c; 

lT' = T T  

Exaxgle 1.- me caa assuiie: 

cx 
C Z  

n = 6000 kg a d  - = 0,111 

0.111 \2/3 

76.5 ' 0.111 - - 6000 

%hence n' = 6000 ( 

213 0.111\ 
= 6ooo (0.0983,' 

T T '  = 6000 X 1.085 = 6510 kg, o r  a ga in  i n  use fu l  load 

Of TT' - n = 510 kg, 
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. represent ing ,  i n  f u e l  saved, an add i t ion  of 660 km (410 miles)  

t o  t h e  rsdius o f  ac t ion  ( f o r  a two-engine a i rp lane  w i t i i  one en- 

g ine  stopped). 

Exaxple - 2.- The addi t iona l  l o z d  f o r  t he  second case,  deterxined 

i n  the  sane fash ion ,  mould be 

of 

r ep resen t ing ,  i n  f u e l  saved, a supplementary r ad ius  of ac t ion  

of  621 k:n (for a two-engi-ne a i rp l ane  w i t h  one engine stopped). 

Exzaple 3.- This  exaiiple" i s  based on  t h e  assumption of  1800 kg 

load .  

= 1940 kg, 

TT' - TT = 140 kg, represent ing  an add i t iona l  r ad ius  o f  ac t ion  

o f  625 im ( f o r  a two-emgine a i rp lane  witl-1 one engine s topped) .  

T h i s  yepresents  a ga in ,  due s i ap ly  t o  t he  use of  t h e  f r ee -  

vheel  p o i 3 e i l e r ,  of oiie ki1ogra.a r a i s e d  o r  1300 n e t e r s  i a d i u s  of 

a c t i o n  per horsepower of  t h e  stoppec? engine. 
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F i’ a x  t i c a1 Con st  ruc t  i on o f t he F r  e e -Wh e e l  P r o p  e 11 e r 

The preceding c d c u l a t i o n s  a re  inten6ed t o  show what can 

be expected fro;;? ’die use of a free-&eel propel le r .  We w i l l  

now colisfder 3 r i e f l y  how such a device czn Se zade. 

The fo l lov ing  desc r ip t ion  r e l a t e s  t o  one nethod of  malting 

silch a device. It ;nay 5e ;2ossible t o  f i n d  TayS f o r  irflproviiig 

t h i s  device s t i l l  fu r the r .  It i s  i n t e i e s t i n g  t o  note ,  ho‘never, 

t h a t  t he  f i r s t  one :gade h a s  already proved very sa t i s f ac to ry .  

I t  neighs o-nly 10 t o  1 2  k i l o g r a s  acldit ional f o r  500 hp at 

1000 r.:2.x., and 7 t o  8 kg f o r  t he  same power at 200C r.y.:i. 

“1- L . . ~ ~ S  * Cevice f o r  r e l eas ing  the  p ro2e l l e r  r.l;en t h e  engine 

s tops  c o i x i s t s  of  inter?osing,  isetnceii t h e  engice ska f t  zn6 t:ie 

p r o p e l l e r ,  a so-called “ f r e e  yAeelft which enzbles t h e  trans.ris-  

s ion  o f  force i n  only  one d i r eq t ion ,  nxnely,  fro;% engine t o  

p r o p e l l e r  ziid not i n  t h e  o p o s i t e  d i r e c t i o n ,  %;hat i s ,  from 920- 

p e l l e r  t o  engine. 

’ The f r e e  17~b.eel CCLI be interposed between t h e  c r m k  skaft  

and t h e  2 r o p e l l e r  hub, o r  even i n  t h e  reduct ion gear ( i f  t he  
\ engiiie has onej .  t h e  so lu t ion  involving the  i n t  erpo- 

s i t i o n  of 8. f r e e  wheel between t h e  engine sha f t  and t h e  propel- 

l e r  hu3, tZus formi-ng a free-niieel hula which can be mounted 01: 

t h e  ei?C of  t h e  engizie sha f t  l i k e  aii ordinary hub, 

The sec t iona l  di-axi;-?g a d  photogrzphs show t h e  cons t ruc t ioa  

of t he  free-wheel hub 774.th suf i i c i e n t  c l e a n e s s .  ___-------------- * 
*For a. Ce tz i led  6-escription o f  :his ;-f,echa,l;is;ii as xi3plied t o  a;l? 
mto.;ionile, see {!Tie &e Lz:~aud- &Lto:x.tic Pi--ans.-iissio~~f - ia 3.A.E. 
Jourm-1, Vcl. XXTl I ,  p p .  371-582 ~ Qeceaber , 1928. 
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The Sensa-ud de Lavaud f r e e  wheel i s  o f  t h e  jamming type,  

t h a t  i s  t o  say, it  produces a shockless d r ive ,  t h e  p lay  involved 

being only a few 12undreciths of a mill imeter.  When the  engine 

i s  ru-nnir,g, t h e  r o l l e r s  a r e  jaiixed between t h e  d r iv ing  disk and 

t h e  c r o m  wheel a&2 all t h e  p a r t s  move together  and t h e  trans- 

missiox t akes  p lace  n o m a l l y .  

!?Then t h e  engine i s  stopped and t h e  air curren t  continues 

tQ tu1':i the  p r o p e l l e r ,  t h e  rollers a r e  automatically r e l eased  

and t h e  p rope l l e r  t u rns  by i t s e l f  a s  a v indi i i i l l~  

I f ,  a f t e r  f l y i n g  with an engine stopped, t h e  engine i s  

s t a r t e d  again,  i t  re-engages the  r o l l e r s  a,s soon as t h e  speed 

of t h e  engine exceeds t h a t  of  the  propelle?.  

During t h e  t e s t s  we observed t h a t  t k i s  6evice d id  not in- 

t e r f e r e  i n  any way with t h e  proper funct ioning of t h e  engine. 

The o:ily disadvantage i s  t h e  imposs ib i l i ty  of  s t a r t i n g  the  en- 

g ine  011 the  ground by aeans of a c a r t r i d g e  s t a r t e r .  T h i s  dis- 

advant8ge i s  eliminated- by employing at, s t a r t e r  of t h e  a u x i l i a r y  

compressioil type.  In f l i g h t ,  since, t h e  f r e e l y  revolving pro- 

p e l l e r  o f f e r s  no r e s i s t a n c e ,  t h e  engine s tar ts  much eas i e r .  

Test  Resul t s  

I;? c los ing  t h i s  descr ip t ion ,  it i s  i n t e r e s t i n g  \ t o  knox the  

r e s u l t s  of t e s t s  conducted on the  ground and above all i n  f l i g h t ,  

i n a s m c h  as they confirm OUT p red ic t ions  i n  311 p o i n t s  and con- 

seque:itly coyroborete our :Yiethod o f  reasor,ing. 



S t a t i c a l l y ,  t he  free-wheel hub has  successfu l ly  mid-ergone 

the  prescr ibed  30-hour t e s t s  w i th  sudden starts,  f requent  n x i -  

a t i o n s  of engine torque, e t c . ,  without any s ign of aeay o r  any 

disturbance i n  funct ioning,  

A f l i g h t  t e s t  was made Ju ly  10 ,  1929, on a " Z a r r n a n  18011 

a i r p l a n e ,  t he  "Oiseau 31eul1 (Eluebi rd)  , a tai1de-m two-engine 

a i rp l ane  of 1@00 hp ( two  500 hp Frtrman ecgines)  at  1000 r,p.:::. 

The neight at t he  time of t he  t e s t s  mas 6000 kg (13,228 lb.). 

1) 

t h e  a i rp lane  clinibed t o  1250 rn (4100 f t , )  with bo th  engines 

running. After  shu t t ing  off t he  r e a r  engine it w a s  ab le  t o  

maintain t h i s  a l t i t u d e  i n d e f i n i t e l y .  ?lien, a f t e r  descending t o  

800 ,;? (2625 f t . ) ,  i t  climbed ?gain with only one engine running, 

Witn t h e  :ear p r o p e l l e r  mounted on a free-nheel hub, 

as s l i o ~ m  on the  accompaxying photograph o f  t he  barograiii (Fig.  

1 3 ) .  

2 )  With t h e  same p r o p e l l e r  mounted on an ordinary hub, 

t h e  a i rp lane  c l ixbed  with t h e  same load  t o  t h e  same a l t i t u d e  of 

1250 xe te r s .  One engine was then stopped, and the  a i rp l ane  be- 

gan a descent,  which the  p i l o t  stopped a f t e r  7 minutes and 40 

seconds, considering t h e  t e s t  conclusive (Fig.  1 4 ) .  

The p rope l l e r  used i n  these  t e s t s  w a s  a Chauviere two-bladed 

p r o p e l l e r  No. 89169, d i a a e t e r  3.5 m (11.5 f t . ) ,  with broad 

blades,  During the  two t e s t s  t h e  f r o n t  engine was kept at 

2100 r.p.z., t h e  air qieed being 115 krn/li (71.5 mi* /h r , )  i n  both 
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cases.  With t h e  p rope l l e r  f i xed ,  the r e a r  engine made 900 

r.p.a. ( t h e  p r o p e l l e r ,  450 r.p.m.). The speed of t h e  free-wheel 

p r o p e l l e r  could not be measured, but was estimated by t h e  p i l o t  

and mechanic at about 600 r,p,m. 

The.two barograms show a d i f fe rence  i n  the  climbing speed 

oI" at  l e e s t  0.4 m / s  between t h e  two t e s t s ,  which corresponds 

t o  an add i t iona l  l o a d  c a r r i e d  with t h e  free-wheel p rope l l e r  of 

over 500 kg (1100 l b . ) ,  t h a t  i s  t o  say,  an increase i n  t h e  r a d - i -  

us  o f  a c t i o n ,  n i t h  only one engine running, of more than 650 

km ( a3out 400 m i .  ). 

Las t ly ,  i t  was observed t h a t  t h e  t a i l  sur faces ,  which 

v i b r a t e &  s t rongly  with the  f i x e d  p r o p e l l e r ,  did not v i b r a t e  at 

a l l  with the  free-wheel p rope l l e r .  

C o n c l u s i o n s  

The free-wheel p rope l l e r  increases  t h e  radius of ac t ion  of 

two-engine a i r p l a n e s  by 600 t o  650 krn (373-404 m i . )  with one 

engine stopped. The gain i s  o f  the  order  of 400 t o  500 krn 

(about 250-310 ai.)  f o r  a three-engine a i r p l m e ,  and o f  650 t o  

700 km ( 4 0 4 4 3 5  m i , )  f o r  taDdem two-engine a i rp l anes  with t h e  

r e a r  engine stopped. The device weighs 8 kg (17.6 lb . )  f o r  a 

500 hp engine with d i r e c t  d r ive ,  and 1 2  kg (26.5 lb.) f o r  a 

500 hp engine with reduct ion gear. 

Trans la t ion  by 
Rat iona l  Ad-vi s o r y  Committee 
f o r  Aeronautics . 



Fig.1 P o l m  of F r o f i l e  I.(Az<le of attack m a s w e d  f r o m  zero lift poriticn.) 

Fig.2 Polt?,r of profile 11. (Angle of attack measwed  from zero lift postiod 
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Fig.3 Characteristic cnrves,p, d,p,= f (  5 ) f o r  a family of 

propellers with profile I. 1, consta.nt=a 12 ;2 blades. 
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Fig.10 Longi tudinal  s e c t i o n  of a f ree-wheel 
hub for a wood propel ler ,  500 hp 
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